In field screening tests of synthetic pheromone candidates for Japanese sesiid species, a mixture of (3Z,13Z)-octadecadien-1-ol and (3Z,13Z)-octadecadienyl acetate successfully attracted male moths of Glossosphecia romanovi, a harmful pest of vine trees. The GC-EAD and GC-MS analyses of the pheromone gland extract revealed that the female moths produced the alcohol and acetate in a ratio of about 20:1, in addition to three other minor structure-related components.
The larvae of a clearwing moth, Glossosphecia (formally Toleria) romanovi (Lepidoptera: Sesiidae), bore into the trunk of vine trees and cause serious damage. This pest species has not attracted much attention from the viticulturist; however, complaints about its damage have been increasing in recent years. The adults are diurnal and exquisitely mimic a hornet species (Vespa spp.). While their hornet-like alarm body pattern, which protects against attack by birds and reptiles, might play a visual cue for mating, it could be expected that the females produce a sex pheromone to communicate with their partner, as do many other sesiid species. 1) Preliminary field screening tests for male attraction were carried out by using several synthetic 2,13-and 3,13-dienyl compounds, which are known as pheromone components of some Sesiidae species, [1] [2] [3] in vineyards of the Department of Grape and Persimmon Research at National Institute of Fruit Tree Science (Akitsu, Higashi-Hiroshima City, Hiroshima Prefecture) in the summer of 2006. The unmixed or mixed synthetic compounds were applied to rubber septa (8 mm O.D., white rubber; Sigma-Aldrich Co., St. Louis, MO, USA), and each septum was placed in a sticky-type trap (SE-trap Ò , 30 cm Â 27 cm bottom plate with a roof; Sankei Chemical Co., Ltd., Kagoshima, Japan). The traps were set on the side of farm roads at a height of about 1.5 m. Table 1 shows the result of a test with (3Z,13Z)-3,13-octadecadien-1-ol (Z3,Z13-18:OH), its acetyl derivative (Z3,Z13-18:OAc), and their mixtures; this was one part of a field evaluation involving many synthetic lures. Males of G. romanovi were attracted to Z3,Z13-18:OH and its mixtures with Z3,Z13-18:OAc, indicating Z3,Z13-18:OH and Z3,Z13-18:OAc to be true pheromone candidates of G. romanovi.
It is essential to confirm the chemical structures of the natural pheromone components produced by the G. romanovi females in order to use the compounds as a reliable tool for future integrated pest management (IPM) as the lure for a monitoring trap and as the disruptant of mating communication. While it was difficult to collect many individuals, we could find some muddy cocoons of G. romanovi in a vineyard in Tottori Prefecture during the winter. The cocoons were placed in a plastic cage with moistened sphagnum moss under natural periodicity at room temperature, and we obtained three females and two males after about two months. The emerged adults were sexed at the adult stage based on their antennae. 4) Each adult was separately placed in a 200-ml plastic cup and kept under conditions identical to those for the pupal stage. The adults were supplied ad libitum with the nonalcoholic beverage, Pocari Sweat Ò (Ohtsuka Pharmaceuticals Co., Tokyo, Japan). The females adopted the calling posture about 3 h before the beginning of the scotophase. The abdominal ends of one-day-old virgin females maintaining the calling posture were excised and separately immersed in hexane (250 ml/female) for 5 min to extract the pheromone.
The natural pheromone components with electroantennogram (EAG) activity were measured by a GC y To whom correspondence should be addressed. Tel/Fax: +81-42-388-7278; E-mail: antetsu@cc.tuat.ac.jp Biosci. Biotechnol. Biochem., 74 (9), 1943-1946, 2010 Note instrument equipped with an electro-antennographic detector (GC-EAD) 3, 5) and a DB-23 capillary column (0:25 mm Â 30 m I.D., 0.25 mm film thickness; J&W Scientific, Folsom, CA, USA). The oven temperature was maintained at 50 C for 1 min, programmed at a rate of 10 C/min up to 220 C, and maintained at 220 C for 15 min. The carrier gas was He, and the effluent from the column was split into two lines which were led to a flame ionization detector (FID) and EAD in the ratio of 1:1. The male antennae responded to three components: I, t R 23.35 min; II, t R 23.55 min; and III, t R 24.05 min. FID recorded III as the major component (Fig. 1A) . The t R values for II and III were respectively the same as those of synthetic Z3,Z13-18:OAc and Z3,Z13-18:OH.
The pheromone extract was next analyzed by GC-MS in an electron impact ionization (EI) mode (70 eV) under the same GC conditions as those for the GC-EAD measurement. Figure 1B shows the total ion chromatogram (TIC). The mass spectra of II (t R 21.23 min) and III (t R 21.83 min) were successfully recorded and respectively quite similar to those of synthetic Z3,Z13-18:OAc and Z3,Z13-18:OH. 2) In addition to these, three other structure-related compounds were detected in the pheromone extract by examining the GC-MS data in detail. Although the natural pheromone extract was very limited in quantity and no other chemical experiments were carried out, the chromatographic behavior and spectral data of these compounds suggested the following chemical structures: (3E,13Z)-isomer of the acetate (E3,Z13-18:OAc), t R 21.07 min; (3E,13Z)-isomer of the alcohol (E3,Z13-18:OH), t R 21.34 min; and (Z)-13-octadecen-1ol (Z13-18:OH), t R 21.48 min. Mass chromatograms recording some characteristic ions for the dienyl acetates and alcohols indicated that the (3E,13E)-and (3Z,13E)isomers were undetectable ( Fig. 1C and D) . Component I found in the GC-EAD analysis might have been E3,Z13-18:OAc, and E3,Z13-18:OH and Z13-18:OH might not have been detected in the analysis because of the small amount and/or low activity of each. The TIC shown in Fig. 1B indicates a mixing ratio of about 100:5:1:1:2 for the five components, Z3,Z13-18:OH, Z3,Z13-18:OAc, E3,Z13-18:OH, E3,Z13-18:OAc, and Z13-18:OH. Arakawa et al. have recently identified the former three components from the G. romanovi female, but did not find the latter two components. 6) The pheromone candidates, which were supplied by Shin-Etsu Chemical Co., and their geometrical isomers, which we had previously synthesized, 2) were evaluated in the field to confirm the identification. The synthetic compounds were applied to a rubber septum, and their activities were examined by field tests in Tottori Prefecture during the summer of 2009. Sticky-type traps baited with a lure were placed outside and inside a vineyard (Tests A and B) in Kotoura town, and outside two vineyards in Tottori city (Test C). Table 2 shows the results of the field tests with single, dual, and pentacomponent lures. While Z3,Z13-18:OH alone could attract the males, as indicated in our previous test (see Table 1 ), the activity was clearly lower than that when it was mixed with Z3,Z13-18:OAc. The traps baited with the dual mixture captured a similar number of males to those with the penta-component lure; thus, and the three other minor components did not significantly affect the male attraction at the same mixing ratio as that found in the pheromone extract. It is still unclear whether or not the three minor components would play a role in the mating communication of G. romanovi. Among the four 20:1 mixtures of the alcohol and acetate with the same configuration, only the mixture of Z3,Z13-18:OH and Z3,Z13-18:OAc effectively attracted the male moths. The other dual mixtures attracted hardly any males, indicating that the males strictly recognized the configuration of the two double bonds.
The field evaluation in 2009 indicated that most of the males were attracted at the ridges of coppices (Tests A and C), with only a few being attracted inside a vineyard (Test B), as shown in Table 2 . If most adults emerged outside a vineyard, it would be easy to understand that the males were mainly attracted to the traps set at the ridges of the vineyard. Although no host plants have been confirmed, except for vine trees, 4) the ampelopsis, Ampelopsis glandulosa var. heterophylla, has been found in abundance in the coppices and has been suggested to be one of the wild host plants for G. romanovi larvae. 7) Another possibility is the immediate movement of the adults into the coppices after eclosion which was observed only in the morning. Since the females showed the calling posture in the evening and the pheromone traps also caught the males in the evening, the adults that emerged in a vineyard might have moved to the coppices during the daytime to accomplish mating. It is important to clarify the livelihood zone and mating behavior of the adults for suitable pest management against G. romanovi. A synthetic pheromone is a good tool to accomplish that objective. We will reveal some ecological aspects of this species and apply the synthetic pheromone in the IPM program.
More than 1,000 sesiid species are distributed worldwide. To date, the sex pheromones have been identified from 20 sesiid species in 10 genera such as Sesia and Synanthedon. The identification achieved in this study is the first for a species in the tribe Cissuvorini including the genera Glossosphecia. Information on sesiid pheromones is still quite limited, because the larvae of sesiid species usually bore into the stem of plants and hardly any specimens are collected. Although about 40 species have been recorded in Japan, the pheromone structures for only six species, including G. romanovi, have been reported. 2, 3, 6, 8, 9) The two essential pheromone components of G. romanovi, Z3,Z13-18:OH and Z3,Z13-18:OAc, are well-known for the sesiid species. Since the identification of Z3,Z13-18:OH in Sesia apiformis, 10) this alcohol has been identified in six other species. In the case of Z3,Z13-18:OAc, the first finding in Synanthedon exitiosa 11) was followed by the identification in three others as an essential female pheromone component to attract males. However, it is noteworthy that the pheromone comprising both an alcohol and acetate has not previously been characterized. The currently known multi-component sesiid pheromones are mainly composed of geometrical isomers, as is the pheromone of Nokona pernix, 2) or of an alcohol and aldehyde, as is the pheromone of Macroscelesia japona. 8) The results of this study suggest that G. romanovi females establish their own mating communication system with the characteristic sex pheromone. Understanding whether or not the pheromone is strictly species-specific and whether visual cues are necessary for copulation would be valuable. We will continue to investigate the mating communication of G. romanovi and some other sesiid species. ). The mass spectral data for 3,13-octadienyl compounds have been reported in detail. 2) 
